Changes in genes encoding transcriptional regulators can alter development and are important components of the molecular mechanisms of morphological evolution. MADS-box genes encode transcriptional regulators of diverse and important biological functions. In plants, MADS-box genes regulate flower, fruit, leaf, and root development. Recent sequencing efforts in Arabidopsis have allowed a nearly complete sampling of the MADS-box gene family from a single plant, something that was lacking in previous phylogenetic studies. To test the long-suspected parallel between the evolution of the MADS-box gene family and the evolution of plant form, a polarized gene phylogeny is necessary. MEF2 ͉ SRF ͉ homeotic genes ͉ MADS ͉ development C hanges in genes encoding transcriptional regulators may represent the most important determinants of morphological evolution in plants and animals (1), and phylogenetic analyses provide a historical framework to identify such changes. The MADS-box genes encode a eukaryotic family of transcriptional regulators involved in diverse and important biological functions, ranging from cardiac muscle development in animals to pheromone response in yeast (2). In plants, MADS-box genes encode the three floral homeotic functions predicted by the genetic ABC model of flower organ identity (3, 4). In addition, plant MADS-box genes regulate the timing of flower initiation and flower meristem identity, as well as various aspects of ovule, fruit, leaf, and root development (4, 5).
Changes in genes encoding transcriptional regulators can alter development and are important components of the molecular mechanisms of morphological evolution. MADS-box genes encode transcriptional regulators of diverse and important biological functions. In plants, MADS-box genes regulate flower, fruit, leaf, and root development. Recent sequencing efforts in Arabidopsis have allowed a nearly complete sampling of the MADS-box gene family from a single plant, something that was lacking in previous phylogenetic studies. To test the long-suspected parallel between the evolution of the MADS-box gene family and the evolution of plant form, a polarized gene phylogeny is necessary. Here we suggest that a gene duplication ancestral to the divergence of plants and animals gave rise to two main lineages of MADS-box genes: TypeI and TypeII. We locate the root of the eukaryotic MADS-box gene family between these two lineages. A novel monophyletic group of plant MADS domains (AGL34 like) seems to be more closely related to previously identified animal SRF-like MADS domains to form TypeI lineage. Most other plant sequences form a clear monophyletic group with animal MEF2-like domains to form TypeII lineage. Only plant TypeII members have a K domain that is downstream of the MADS domain in most plant members previously identified. This suggests that the K domain evolved after the duplication that gave rise to the two lineages. Finally, a group of intermediate plant sequences could be the result of recombination events. These analyses may guide the search for MADS-box sequences in basal eukaryotes and the phylogenetic placement of new genes from other plant species.
MEF2 ͉ SRF ͉ homeotic genes ͉ MADS ͉ development C hanges in genes encoding transcriptional regulators may represent the most important determinants of morphological evolution in plants and animals (1) , and phylogenetic analyses provide a historical framework to identify such changes. The MADS-box genes encode a eukaryotic family of transcriptional regulators involved in diverse and important biological functions, ranging from cardiac muscle development in animals to pheromone response in yeast (2) . In plants, MADS-box genes encode the three floral homeotic functions predicted by the genetic ABC model of flower organ identity (3, 4) . In addition, plant MADS-box genes regulate the timing of flower initiation and flower meristem identity, as well as various aspects of ovule, fruit, leaf, and root development (4, 5) .
Previously identified plant MADS-box genes encode proteins that share a stereotypical MIKC structure ( Fig. 1) , with the highly conserved DNA-binding MADS domain at the amino terminus. The moderately conserved K domain in the central portion of these proteins has been shown to be important for protein-protein interactions and likely forms a coiled-coil structure. The MADS and K domains are linked to one another by a weakly conserved I domain, whereas a poorly conserved carboxyl-terminal (C) region may function as a trans-activation domain (4) . In animals and fungi, two distinct types of MADSbox genes have been identified, the SRF-like and MEF2-like classes (ref.
2; see Fig. 1 ).
This paper provides a hypothesis on the evolutionary history of the eukaryotic MADS-box gene family. Previous studies of eukaryotic MADS-box gene evolution, which included plant and animal sequences, provided unrooted trees useful to infer the phylogenetic relationships of the MADS-box lineages (6) . These previous studies suggested that at least one MADS-box gene was present in the common ancestor of plants, animals, and fungi, and that probably the duplication that gave rise to the animal MEF2-and SRF-like genes occurred after animals diverged from plants but before fungi diverged from animals (6). However, previous plant and eukaryotic studies were based on a relatively small sampling of plant MADS-box sequences for a particular species (6) (7) (8) (9) . To test whether all Arabidopsis MADSbox sequences group in a monophyletic clade distinct from all animal and fungal MADS-box sequences, we performed phylogenetic analyses. We used 45 Arabidopsis MADS domain sequences, including 26 new ones, 9 sequences representative of the MEF2-like class from animals, and 8 sequences from the animal SRF-like group.
We present a rooted phylogenetic tree of the eukaryotic MADS domain lineages and postulate new hypotheses on the evolutionary history of this gene family. Our results suggest that a duplication ancestral to the divergence of plants and animals gave rise to two lineages (herein called TypeI and TypeII MADS), and that the protein motifs that define each group were fixed in the common ancestors of plants, animals, and fungi. Our analyses also identify new monophyletic clades of plant MADSbox sequences. Most plant MADS-box genes including all of the ones that have been characterized functionally in previous studies, group with the animal MEF2-like sequences in what we have named the TypeII MADS-box lineage. But we have identified a group of Arabidopsis MADS-box sequences that seems to be more closely related to the animal SRF-like genes forming the group that we herein call TypeI MADS. This finding suggests that both lineages are present in plants, animals, and fungi. Finally, we show that the K domain, typical of plant MADSdomain proteins, is found only in the TypeII MADS domain sequences of plants, suggesting that this domain evolved after this lineage diverged from the TypeI MADS. These results have enabled us to put forward a model for the evolution of this important family of regulatory genes in eukaryotes (see Fig. 4 ). (19) . AGL23, AGL26, and AGL28-38 were recently identified by the Arabidopsis Genome Sequencing project. Although we lack cDNA clones for these genes, their predicted MADS-box domain sequences, on which our analyses are based, are unequivocal, because no introns have ever been found in this region.
Materials and Methods
GenBank accession numbers for the animal and fungal sequences are as follows. Alignment and Phylogenetic Analyses. We used 65 amino acid sequences for the analyses. These cover the 57-60 amino acids that different authors (2, 6) have defined as the MADS domain plus a few additional conserved amino acids. These sequences were aligned by using CLUSTAL X; the alignment generated was unambiguous (complete alignment available from authors on request, and see Fig. 2 ). Phylogenetic analyses were conducted with unweighted maximum parsimony (MP), neighbor joining (NJ), and quartet puzzling (QP), by using the test version 4d64 of PAUP* (D. L. Swofford, Laboratory of Molecular Systematics, Smithsonian Institution, Washington, D.C.). For MP analyses, 100 replicates of random addition sequences keeping all optimal trees in each replicate, TBR branch swapping, and no maxtrees limit were used. Gaps were treated as missing data. NJ analyses were done by using the default factory settings and the p-distance (proportion of different amino acids between two sequences) as a distance estimator. This is the recommended distance measure when comparing distantly related sequences, because it has a smaller variance than other estimates (20) .
Nonparametric bootstrap (100 pseudoreplicates) was used to assess the reliability of individual branches. Bootstrap proportions are considered here as an index of support for a particular clade and not a statement about probability or confidence limit in the statistical sense (21) . QP trees were based on 1,000 replicates by using the factory default settings. The phylogenetic relationships inferred from the trees presented here do not depend on specific sequences used to estimate phylogeny; by using subsamples of protein sequences, the same relationships were inferred (data not shown). Trees were examined with TREEVIEW (22) .
To study the branching order of MADS-box gene lineages and the timing of duplications relative to the divergence of the main groups of eukaryotes (plants, animals, and fungi), we need a rooted tree. An unambiguous root location depends on using an outgroup MADS-box domain sequence. We have attempted this rooting by using four bacterial sequences that belong to the USP family as outgroup. These share very few conserved amino acids with known eukaryotic MADS-box sequences but have been defined as MADS-domain homologues based on these few conserved residues and other functional criteria (23). A better outgroup could come from a taxon representative of a sister clade of plants, animals, and fungi, such as Euglena, but this is not yet available.
As an alternative way to objectively root the MADS-box tree, we used a parsimony-based approach from Page and Charleston (24, 25) . This method reconciles the gene tree to the species tree and finds the rooted gene tree that minimizes the number of gene sorting events (which could include gene losses or insufficient sampling of genomes) and duplications. This is the MADS domain tree that we put forward as a polarized phylogenetic hypothesis for this gene family. We used the species tree proposed by Baldauf and Palmer (26) , in which animals and fungi are each other's closest relatives. We used groups of sequences that were shared by the NJ and MP trees, which were supported by high bootstrap values and were bona fide subfamilies, as possible outgroups to be tested. We tested seven alternative outgroups from the NJ and MP searches. The reconciled trees' method requires completely resolved trees. Therefore, one tree from each island sampled in the MP search was used. Trees from each island were very similar and differed only in some of the terminal branches. To avoid a bias because of the excessive number of possible losses and duplications found in the terminal branches where only taxa from either plants (only Arabidopsis) or one of the animal or fungal groups used were represented, we repeated this analysis by counting only basal duplications (i.e., those that are at the base of clades that combine sequences of plants, animals, and fungi).
Protein Structure Prediction. The predictions of coiled-coil regions within the protein sequences were performed with the programs PAIRCOIL and MULTICOIL (27, 28) and were based on the presence in the sequences of heptat-repeat signature motifs. In all cases, both programs used yielded the same result. A K domain was predicted to be present when the probability cutoff of finding coiled-coils downstream of the MADS-box domain was Ͼ0. 35 . The default value of 0.5 has been determined empirically to work well. However, to avoid false negatives, we decreased the cutoff value by 20%. Additionally, we predicted possible protein secondary structures using discrete state-space probability models, as implemented by the program PSA (http:͞͞ bmerc-www.bu.edu͞psa; ref. 29) . These predictions identified ␣-helices for the same sequences and were used to confirm results obtained from the coiled-coil prediction programs.
Results and Discussion
Ancient Duplications of Eukaryotic MADS-Box Sequences. We present molecular evolutionary analyses of plant, animal, and fungal MADS-domain sequences, including 26 newly identified MADSdomain sequences from Arabidopsis, along with 19 previously analyzed members of this extensive gene family. The most striking result of our analyses is the discovery that animal and fungal MEF2-like sequences are more closely related to most plant MADS-domain sequences than to animal SRF-like sequences. Some conserved amino acids put the MEF2-like animal and most plant sequences in a clear monophyletic clade (hereafter referred to as TypeII MADS domains), suggesting that at least one gene-duplication event occurred before the divergence of plants and animals. In addition, a group of Arabidopsis MADS-domain sequences (AGL34-like) seem to share a more closely related ancestor with the SRF-like sequences of animals and fungi than with other plant MADS-domain sequences. The clade formed by these two related groups is referred to hereafter as the lineage of TypeI MADS domains. However, the monophyly of this group is not as well supported as that of the TypeII MADS domains, because it is supported by very few shared and unique amino acids (Fig. 2) . Finally, we found a group of intermediate plant sequences that could be the result of recombination between TypeI and II MADS-box genes. These results are based on NJ, QP, and MP phylogenies, described below.
The NJ tree rooted with the putative MADS-domain sequences from bacteria is well resolved (Fig. 3a) and is similar to the one obtained by the rooting method described below (Fig.  3b) . In the tree of Fig. 3a , the TypeII MADS domains that group the animal MEF2-like and most plant sequences form a wellsupported monophyletic clade. However, the rest of the clades that in Fig. 3b are grouped into the TypeI lineage do not form a monophyletic group in Fig. 3a . Results in Fig. 3a suggest that AGL39-like sequences were lost or have not been found in animals and fungi. Both of the latter possibilities are unlikely, because yeast and C. elegans, whose genomes are completely sequenced, have both TypeI and TypeII MADS domains and no other types. It would be highly improbable that in both organisms the same genes were lost. We also performed MP analyses using the bacterial sequences as outgroup (not shown), but the strict consensus MP tree for these sequences does not resolve any basal branching other than that of the bacterial sequences. In the rest of the analyses, we have included only the eukaryotic MADSdomain sequences.
An alternative way to root the MADS-domain protein tree objectively is to use Page and Charleston's (24) approach to find the root position that minimizes the number of duplications and sorting events in the protein tree, when this is reconciled to the species tree (see Materials and Methods). We show the rooted NJ tree that minimized the reconciliation cost (49 total or 3 basal duplications and 17 sorting events) as the polarized phylogenetic hypothesis for this gene family. The bootstrap NJ tree reveals two well supported (Ͼ50%) clades. The first one is constituted by the TypeI MADS-domain sequences and groups the animal SRFlike genes with two newly identified plant lineages, AGL34-and AGL23-like, plus AGL30, AGL33, and AGL39. The second, TypeII MADS-domain sequences, includes the rest of the plant sequences and the animal MEF2-like sequences.
Using MP analyses, we obtained a total of 647 most parsimonious trees (consistency index ϭ 0.544, retention index ϭ 0.695, rescaled consistency index ϭ 0.378) of a length of 700 steps. The strict consensus-rooted MP tree resolves the monophyletic clade that includes animal SRF-like and plant AGL34-like sequences plus AGL30, AGL33, and AGL39, but with a low bootstrap support (Ͻ50%). In contrast to the NJ tree, the strict consensus MP tree identifies the AGL-23 plant MADS-domain clade as a sister branch of the animal MEF2-like sequences, but with a very low bootstrap support (Ͻ20%). The MP tree also resolves the AGL25 clade as sister to the monophyletic group formed by the rest of the plant TypeII and the animal MEF2-like sequences, also with a very low bootstrap support (Ͻ20%). MP groups the animal and fungal MEF2-like sequences with the plant MADSdomain sequences in a monophyletic clade and places the animal and fungal SRF-like sequences as sister group with a good bootstrap support (Ͼ50%).
When reconciled to the species tree, the least costly MP gene tree still requires a greater number of basal gene duplications and losses (49 total or 8 basal duplications and 22 sorting events) than the NJ tree shown (Fig. 3b) . This MP tree also defined TypeI and TypeII groups as sister to each other. These results confirm that the most parsimonious root location among all trees tested is between the TypeI and TypeII lineages that we have identified. We compared the length of the Bootstrap NJ topology with the MP strict consensus tree using MACCLADE (Ver. 3.0) and found that they are of equal length. Therefore, based on the data at hand, we propose the tree shown in Fig. 3b as the most parsimonious hypothesis on the polarized evolutionary history of the eukaryotic MADS-box gene family. Finally, the QP tree also resolved the same TypeI and TypeII clades formed by the same family members as in the NJ tree shown (frequency value equal to 40%).
The inconsistent placement of the AGL23 clade between the NJ͞QP and MP topologies, as well as the low bootstrap value for the TypeI clade in the MP strict consensus tree, suggests that some plant sequences cannot be unambiguously associated to either the TypeI or TypeII lineages. In fact, if AGL30, AGL33, AGL39, and the AGL23-like genes are removed, NJ, MP, and QP analyses yield resolved and well supported trees (bootstrap values of Ͼ90% and 50% for both lineages in NJ and MP analyses, respectively; see Fig. 3b ; and 89% frequency in QP). These problematic sequences could be the result of recombina-tion between TypeI and TypeII sequences. This possibility is suggested because they share some of the synapomorphies that define each of the two lineages (see Fig. 2 ). The fact that these sequences group in a clearly monophyletic clade suggests an ancient recombination event that would have been followed by several duplications. To unambiguously resolve the origin and phylogenetic position of these genes, more information is required.
In an effort to explore further the monophyly of the TypeI groups that we propose, we did MP and NJ phylogenetic analyses of this clade by using only one sequence of the MEF-2 sequences as outgroup (not shown). In these analyses, the plant AGL34-like, plus AGL30 and AGL33, plus the animal SRF-like sequences, form a well supported (bootstrap ϭ 63%) monophyletic group, and AGL23-like and AGL39 sequences group in a clade sister to that formed by the former sequences. Both of these clades form a monophyletic lineage with 76% of bootstrap support.
The results presented here imply that features shared by proteins within the MEF2-like and SRF-like clades were present in the ancestral eukaryotes and have remained practically unchanged during the evolution of animal, fungal, and plant lineages. The TypeII MADS-domain sequences share some conserved amino acids that are found in none of the TypeI MADS domains (synapomorphies; see Fig. 2 ). In contrast, the TypeI MADS have only one synapomorphy that defines this clade and some that are shared by all but one or a few sequences. This suggests that there has been a stronger functional constraint within the TypeII than the TypeI MADS-domain lineages. TypeI MADS domains are conserved within animals and within plants, but they differ between these two species' lineages. MADS domains from yeast from both TypeI and TypeII lineages are the most divergent ones.
It will be interesting to determine whether the plant TypeI MADS-box sequences represent expressed genes or are instead pseudogenes. But the fact that at least one of these sequences, AGL39, is represented as an EST clone (GenBank accession no. C99890), as well as the high conservation among AGL34-like sequences, suggests that these members are indeed expressed. Future studies should be devoted to characterizing functionally these genes in Arabidopsis.
The conserved MADS-domain motifs within each lineage may serve as the basis of the common functional properties of all proteins within the TypeI and TypeII clades. Indeed, in vitro DNA-binding assays revealed that chimeric proteins with either the SRF or MEF2A amino-terminal region of the MADS domain and the rest of the AP1, AP3, PI, and AG plant proteins, acquired the respective and distinct DNA-binding specificity of SRF or MEF2A. However, in vivo assays did not distinguish between chimeric and full-length wild-type proteins' functions. Both results put together suggest that DNA-binding specificity, which must underlie functional specificity of MADS-domain proteins, is determined not solely by sequences within the MADS-domain but also by sequences within other domains that may affect dimerization with protein partners (30) .
Additional in vivo experiments show that although chimeric genes with the amino terminus of either the SRF or MEF2A MADS-domain and the rest of AP1 may rescue ap1-1 mutant plants when expressed under the wild-type AP1 promoter, the chimera with the MEF2A MADS-domain amino terminus (i.e., within-lineage chimera) rescued mutant phenotypes more effectively than those harboring crosslineage constructs (i.e., from SRF; ref. 31). Our phylogenetic results support, as suggested by these functional analyses, that differences between TypeII and TypeI MADS domains have a role in defining function. Indeed, ectopic expression experiments of chimeric proteins suggest that the MADS and I domains define functional specificities of APETALA1 and AGAMOUS (32, 33) , both TypeII (MEF2-like) plant members. However, the conservation of MADSdomain sequences within each lineage and additional functional studies (see below) also suggest that domains outside the MADS domain are important for functional specificity. The K domain, typical of previously characterized plant TypeII proteins, is one such domain.
Evolution of the Plant K Domain. The K domain is an Ϸ70-aa domain located downstream of the DNA-binding MADS domain, typically spanning positions 110 to 180 of plant MADS proteins. It has a regular spacing of hydrophobic amino acids, and it is assumed to adopt a coiled-coil structure (see Fig. 1 ). This structural motif has been described for the great majority of previously identified plant MADS-domain proteins (4) . To investigate the origin and evolution of the K domain, we used protein-structure programs to predict whether the AGL34 and AGL23 clade members, as well as the other plant and animal MADS-domain sequences analyzed, contain a K domain. In Fig.  3b , we boxed the sequences with a predicted coiled-coil structure downstream of the MADS domain.
Coiled-coil structures were not predicted for any of the animal sequences, any of the plant AGL34 or AGL23-like, or for AGL30, AGL33, and AGL39. These sequences also lack any significant sequence similarity to other plant MADS-domain sequences outside of the MADS domain. Interestingly, whereas protein-structure prediction programs clearly identify a coiledcoil domain for most plant members of the TypeII lineage (MEF2-like), they fail to predict such a structure for a few members of this group (the AGL25-like and AGL12) that seem to lack some of the conserved hydrophobic amino acids. This result suggests that the absent amino acids might be critical for the formation of the coiled-coil structure. Both methods used here have been reported to identify positively all of the sequences that form coiled coils in Protein Data Bank structures containing this type of helical structure (27) . Thus, the coiledcoil predictions presented in this work have a high level of reliability (Ͼ95%), well above standard secondary structure prediction methods.
Animal SRF-and MEF2-like proteins contain additional conserved regions, referred to as SAM and MEF2 domains (2) . These and the K domain could be the regions involved in the functional divergence among members of each MADS-domain lineage. Ectopic expression experiments of chimeric proteins suggest that functional specificities of APETALA3 and PISTIL-LATA MADS-domain proteins in organ determination rely on the I and K domains of these genes (31, 32) . Recent experiments for two plant MADS-domain proteins (APETALA1 and CAU-LIFLOWER) suggest that differences between the K domains of these two recently duplicated genes explain at least part of the functional differences between these paralogous loci (E.R.A.-B. and M.F.Y., unpublished results).
Evolution of MADS-Domain Proteins in Eukaryotes:
A Synthesis. The results described here suggest a hypothetical scenario for the evolution of the MADS-box gene family in eukaryotes (Fig. 4) . From our analyses, it appears that at least one ancestral MADSbox gene duplicated in the common ancestor of the major eukaryotic kingdoms more than a billion years ago to give rise to the distinct TypeI (SRF-like) and TypeII (MEF2-like) lineages found in plants, fungi, and animals today. In yeast and C. elegans genomes, MADS-box sequences of both TypeI and TypeII have been found (several of each in yeast and one of each in C. elegans). These results support our proposition that eukaryotic MADS-box sequences can be assigned to either of two main lineages that are both present at least in fungi and animals. The Arabidopsis genome will be sequenced to completion soon, and we will then be able to test unambiguously the presence of these and additional lineages in plants. Phylogenetic analyses that include MADS domains from basal eukaryotes and TypeI sequences from other plants will help confirm the uniqueness of the ancestral duplication and the monophyly of the TypeI clade.
The evolution of additional domains beyond the MADS domain could have occurred independently along the animal and plant lineages after their divergence from each other, as suggested in our model (Fig. 4) , or these could have been present in the ancestral MADS-box genes and then lost along different lineages. In plants, the K domain evolved within the TypeII (MEF2-like) lineage but not the TypeI (SRF-like) lineage. Because most of the TypeII class of plant MADS-box genes are predicted to encode a K domain, this plant-specific domain probably evolved before the extensive duplications that generated this particular lineage. Interestingly, some of the recently cloned MADS-box genes from ferns (33) are predicted to contain K domains (data not shown), indicating that this domain was present at least 395 million years ago in the common ancestors of ferns and seed plants.
We can use parsimony to argue that the K domain originated after the duplication that led to the MEF2-and SRF-like animal MADS-box genes. However, based on the phylogeny of Fig. 3b , we cannot distinguish whether it evolved along the plant lineage after it diverged from the animal one, or whether it was present in the ancestral TypeII-like gene and then lost in animal and some plant lineages. A recent phylogenetic analysis of the M, I, and K domains of all plant protein sequences, (E.R.A.-B., S.L., S.P., S.G., C.B., G.D., and M.Y., unpublished work) suggests that AGL12 and the AGL25-like sequences are basal to the rest of the Arabidopsis TypeII AGLs. This result supports the hypothesis that the K domain evolved along the plant lineage after it diverged from animals and fungi (Fig. 4) . Identification of MADS-box genes within the most basal extant green plant lineages (including green algae and the bryophytes) and in one of the extant common ancestors of plants and animals (e.g., Euglena) should provide experimental tests for the hypotheses postulated in this model of MADS-box gene family evolution. Animal SRF-and MEF2-like domains (see Figs. 1 and 4 ) may have evolved within animal lineages (as suggested in Fig. 4 ), or they could have been present also before the divergence of plants and animals and subsequently lost and replaced in plants.
MADS-box genes probably played key roles in the early evolution of flowering plants and in plant evolution in general, perhaps analogous to the roles played by homeobox genes in the evolution of animal form (34, 35) . This scenario is suggested by the fact that MADS-box gene mutations, as those of homeobox genes in animals, also produce homeotic conversions in flowers, suggesting that they occupy similar places in the regulatory networks that control development (36) . Like homeobox genes, MADS-box genes are also highly conserved among distantly related plants, and orthologous genes form monophyletic clades (6) (7) (8) (9) . To test the long-suspected parallel between the molecular evolution of the MADS-box gene family and the evolution of plant form, a polarized gene phylogeny is necessary. We have proposed here a hypothesis for the evolutionary history of the MADS-domain protein family, including the nearly complete Arabidopsis MADS-box sequence complement, which suggests that eukaryotic MADS-box sequences can be assigned to two main lineages and locates the root of the whole family between them. These analyses may be used to guide the search for MADS-box sequences in basal eukaryotes and the assignment of newly cloned genes from other plant species to one of the clades proposed in this study. Further phylogenetic and population genetic studies (e.g., ref. 37) as well as functional analyses of the MADS-box family and other important transcriptional regulators should lead to a better understanding of the molecular evolution of developmental mechanisms. These mechanisms underlie the morphological evolution of plants and animals, the understanding of which is still elusive to evolutionary biologists.
